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escaped between two pads, assuming a space constraint equal to the trace width. For a
discussion of signal routing specific to Virtex-II devices, see www.xilinx.com for currently
available application notes.

As packages are able to handle more I/Os with a minimum increase in size, the signal
integrity of those signals must be considered, regardless of clock frequency. Especially with
the largest packages, precise PCB layer stackup is required. Parameters such as board
material, trace width, pad type, and stackup must be defined based on simulation, and the
fabrication drawings must be marked with “precise layer stackup” and the stackup
specified. A number of board-level signal integrity simulators exist, and careful attention
to PCB design rules creates a robust design with low EMI and high signal reliability.

Board Routability Guidelines

Board-Level BGA Routing Challenges

Xilinx ball grid array (BGA) wire-bond and flip-chip packages contain a matrix of solder
balls (see Figure 4-46). These packages are made of multilayer BT substrates. Signal balls
are in a perimeter format. Power and ground pins are grouped together appropriately.
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I GND

[ ] 23 x23 (FG456)
[ 27 x27 (FG676)
Il No Connect

p®OOOOODOOODOOOOOOOO0OON(C

8-Rows of I/0s

x157_01_112800

Figure 4-46: Fine-Pitch BGA Pin Assighments

The number of layers required for effective routing of these packages is dictated by the
layout of pins in each package. If several other technologies and components are already
present on the board, the system cost is factored with every added board layer. The intent
of a board designer is to optimize the number of layers required to route these packages,
considering both cost and performance. This section provides guidelines for minimizing
required board layers for routing BGA products using standard PCB technologies

(5 mils-wide lines and spaces or 6 mils-wide lines and spaces).

For high performance and other system needs, designers can use premium technologies
with finer lines /spaces on the board. The pin assignment and pin grouping scheme in BGA
packages enables efficient routing of the board with an optimum number of required
board layers.

372

www.xilinx.com UGO002 (v1.4) 1 November 2002
1-800-255-7778 Virtex-ll Platform FPGA User Guide


http://www.xilinx.com
http://www.xilinx.com

S XILINX®

Board Routing Strategy

The diameter of a land pad on the component side is provided by Xilinx. This information
is required prior to the start of board layout when designing the board pads to match
component-side land geometry. Typical values for these land pads are described in
Figure 4-47 and summarized in Table 4-5.
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Non-Solder-Mask-Defined Land Patterns or < e

Land-Defined Land Patterns are recommended for all packages.

Mask Opening Outside of Land

x157_02_120500

Figure 4-47: Suggested Board Layout of Soldered Pads for BGA Packages

Table 4-5: Summary of Typical Land Pad Values (mm)

Land Pad Characteristics CS144 | FG256 | FG456 | FG676  BG575| BG728 | FF896 |[FF1152 | FF1517 | BF957

Component Land Pad Diameter (SMD)* | 0.35 0.45 0.45 0.45 0.61 0.61 0.48 0.48 0.48 0.61

Solder Land (L) Diameter 0.33 0.40 0.40 0.40 0.56 0.56 0.45 0.45 0.45 0.56

Opening in Solder Mask (M) Diameter | 0.44 0.50 0.50 0.50 0.66 0.66 0.55 0.55 0.55 0.66

Solder (Ball) Land Pitch (e) 0.80 1.00 1.00 1.00 1.27 1.27 1.00 1.00 1.00 1.27

Line Width Between Via and Land (w) | 0.130 | 0.130 | 0.130 | 0.130 | 0.203 | 0.203 | 0.130 | 0.130 | 0.130 | 0.203

Distance Between Via and Land (D) 0.56 0.70 0.70 0.70 0.90 0.90 0.70 0.70 0.70 0.90

Via Land (VL) Diameter 0.51 0.61 0.61 0.61 0.65 | 0.65 0.61 0.61 0.61 0.65
Through Hole (VH), Diameter 0.250 | 0.300 | 0.300 | 0.300 | 0.356 | 0.356 | 0.300 | 0.300 | 0.300 | 0.356
Pad Array - Full Full Full Full Full Full Full Full Full
Matrix or External Row 13x13 | 16x16 | 22x22 | 26x26 | 24x24 | 27x27 | 30x30 | 34x34 | 39x39 | 31x31
Periphery Rows 4 - 73 - - - - - - -
Notes:

1. Dimension in millimeters.

2. 3 x 3 matrix for illustration only, one land pad shown with via connection.

3. FG456 package has solder balls in the center in addition to the periphery rows of balls.

4. Component land pad diameter refers to the pad opening on the component side (solder-mask defined).
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For Xilinx BGA packages, non-solder-mask defined (NSMD) pads on the board are
suggested. This allows a clearance between the land metal (diameter L) and the solder
mask opening (diameter M) as shown in Figure 4-47. The space between the NSMD pad
and the solder mask, as well as the actual signal trace widths, depend on the capability of
the PCB vendor. The cost of the PCB is higher when the line width and spaces are smaller.

Selection of pad types and sizes determines the available space between adjacent balls for
signal escape. Based on PCB capability, the number of lines that can share the available
space is described in Figure 4-48. Based on geometrical considerations, if one signal
escapes between adjacent balls, then two signal rows can be routed on a single metal layer.
This is illustrated in Figure 4-48 as routing with one line/channel, either at 6 mils-wide
lines and spaces or 5 mils-wide lines and spaces. Using this suggested routing scheme, a
minimum of eight PCB layers are required to route 10 signal rows in a package.

A slightly lower trace width can be used by the inner signal rows routed in internal layers
than the width used in top and bottom external or exposed traces. Depending on the signal
being handled, the practice of "necking down" a trace in the critical space between the BGA
balls is allowable. Changes in width over very short distances can cause small impedance
changes. Validate these issues with the board vendor and signal integrity engineers
responsible for the design.
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Figure 4-48: FG676 PC Board Layout/Land Pattern

Figure 4-48 describes a board-level layout strategy for a Xilinx 1.0 mm pitch FG676 package.
Detail A in Figure 4-48 describes the opening geometry for the Land Pad and the Solder
Mask. Routing with 5 mils-wide lines or spaces allows one signal per channel (between the
balls). For successful routing, eight-row deep signal traces require six PCB layers.

Figure 4-49 shows the suggested schematic of layers for the six-layer routing scheme.
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Using premium board technology, such as Microvia Technology (allowing up to

4 mils-wide lines and spaces), efficient routing is possible with a reduced number of board
layers. A grouping scheme for power, ground, control, and I/O pins, might also enable
efficient routing.

Signal L-1
Power/Gnd L-2
Signal L-3
Signal L-4
Power/Gnd L-5
Signal L-6

x157_04_051800

Figure 4-49: Six-Layer Routing Scheme

Figure 4-50 through Figure 4-67 show suggested layer-by-layer board routing for each
Virtex-1I package, including flip-chip packages. These drawings assume a standard PCB
technology of 5 mils-wide lines and spaces. Table 4-6 lists the layer-by-layer routing
examples provided. More details are contained in XAPP157, which is available on the web
at www.xilinx.com/xapp/xapp157.pdf, as is a full-color (PDF) version of this document.

Table 4-6: Layer-By-Layer Board Routing Examples

Package

Standard Routing

Routing With LVDS Pairs

FG256

Top and bottom layers

Top and bottom layers

FG456

Top, 2nd, and bottom layers

Top, 2nd, and bottom layers

FG676

Top, 2nd, 3rd, and bottom layers

Top, 2nd, 3rd, and bottom layers

BG575

Top, 2nd, and bottom layers

Top, 2nd, and bottom layers

BG728

Top, 2nd, 3rd, and bottom layers

Top, 2nd, 3rd, and bottom layers

FF896

Top, 2nd, 3rd, and bottom layers

Top, 2nd, 3rd, and bottom layers

FF1152

Top, 2nd, 3rd, 4th, and bottom layers

Top, 2nd, 3rd, 4th, and bottom layers

FF1517

Top, 2nd, 3rd, 4th, 5th, and bottom
layers

Top, 2nd, 3rd, 4th, 5th, and bottom
layers

BF957

Top, 2nd, 3rd, and bottom layers

Top, 2nd, 3rd, and bottom layers
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Figure 4-52: FGA456 Standard Routing
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Figure 4-54: FG676 Standard Routing
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Solder land diameter 0.4 mm Non Solder Mask Defined.
Via diameter 0.3 mm on 0.61 mm diameter Via Land.
Top and bottom layer signal trace width 0.127 mm.

4) Inner layer signal trace width 0.110 mm.

1) Ball diameter 0.6 mm
2) Pad opening 0,45 mm Solder Mask Defined.
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Figure 4-55: FG676 Routing With LVDS Pairs
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Via diameter 0,356 mm on 0,66 mm diameter Via Land,
Top and bottom layer signal trace yidth 0,127 mm,

Solder land diameter 0.56 mm Non Solder Mask Defined.
4) Inner layer signal trace width 0.110 mm.

2) Pad opening 0.61 mm Solder Mask Defined.
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Solder land diameter 0.45 mm Non Solder Mask Defined.
Inner layer signal trace width 0,110 mm.,

Via diameter 0.3 mm on 0.61 mm diameter Via Land.
Top and bottom layer signal trace width 0.127 mm.

2) Pad opening 0.48 mm Solder Mask Defined.
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Figure 4-63: FF1152 Routing With LVDS Pairs
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Figure 4-64: FF1517 Standard Routing

390 www.xilinx.com UGO002 (v1.4) 1 November 2002
1-800-255-7778 Virtex-ll Platform FPGA User Guide


http://www.xilinx.com

S XILINX®

oo o pASeARER A & lé\J. L. ..... g
coo0 o o ° ° oold eoo cevoooe o o il 0 0 0 0 0 0 ®
s ] ot R R F 1. 311 [ g
o o jodo o o o o adeoldesacosa eapooos H slala )ﬁﬁbdbbbb o|
s9vo o oo o0 ocWopocovoldovaccoa 9900000 o o 4 Rk 990000
° ° ol 0 o oo aovo cavojdooaoo@e PP 200 ° N bl Joa 20 =
° o o oo o9vococococoo@@oovaoco > °oq X o] o 0 o, = 2
° oo 606 900000A00000DAOOO = s ° Ll o ﬁeo ° ‘3 >
° ° o o0 9000009000009 00 0O = g © o o} 2 ~
z 56 66 avooocsanssossTEEERE Yy oo o o ojde P %)
oe ee teevvecsvcecdiieiiy aaT) Jden b P P agii= g
o0 006 9000000000000 000Q J- = 0000000 00000000 = |
oo oo eoooooeoooooeoooe& ©000000 00000000 (X |
I IS eoooooeoooooeoooe‘; 6000000 0000aco00 ot = 3
X3 99 9000009V OOO0DIMOOID 9090009 0000900 oG EETTEIE o N
X3 66 006060606060060600600 606060606060 060606060000 @oo0 o
oo oo eoooooeoooooe% M) 6006668 606000000 9 S
se IOEDSOSODODSOBEODEY-. ~ = 6640004 600600000 3 ks
oo coo P o 0000000
enmm cesacee £l 3
999 POOOOIDOOOD o 9P9I0OOIDP OOPIOOO o &g o -8
600 vooocoaooocoodo —]| 060000000 000400060 \oo ° + c o
©00 000000000000 * 606000000 0000000Q0O T Ol = e,
600 vooocosovooconva@ocon 00000000 0000000RAEEE ST o d)oE
900 900009V 9000D900 0O 90900090 9009000 Cxma o
s606 bsesscasssssacssa socsccas sosacsocdsoaNT. £
900 eoc00ascc0caccocdy 60000000 0000000 =8
600 00000300000 @00000D r'yY 7yl LY o=~
000 00000000000@QIEEIE o lfo o oo =, N
coco boocscansccoenbacoo - T o T o
999 P990OIDOO@OIOME = T ok M ° T [ ]
0600 00000a0aE oo h T Il ' T _“o’“’ M
R Tm:n Rk L L3 o} ° 00 L _E_CE
o@o o000 sooldo 000 000000 o o ° 0000000 3E%E
° ocollldo o oldo Hojo@o o cavooo ol 5 coavo00o0 T =
olda e old cd@gasce caseoe o) o ceaseoe = =o
? eoo0 cavooo ol oo 000000 = g 83—
o] <]
= O
Eo” ¢
ESs3
0~ 5=
N § S - <53
0900006000000 00600 ©0609066006060600000000 oS ®
3 casocccanseansssaa saabacceasc00cabsoo L O
o oo ©0500006000000<2000 ©000<0000000000000 [
o' o ao 006000600006 0060060600 ©000006000000000000 L e
= o ao ©60000C 9000095000 Ga ©0U5006CG 0000000000 O = __
<C o oo ©00000C400000000000 ©000G0000000C000000 Em™m [=]
o ° oo ©9P0000L00OUNGTIOOT VUOPIDUCILOUOCTDOOO . UdEC
o oo ©000003006930660600% 63960606060cC200606000600 5 o .
w) o oo ©aDp00UY00N000OIUO0O 000HLOOCOLOLCOADoOO O (e [ =7
2 o ao caboo0o0o0ano00uB0BOCC VOVOLLELOOENO0AaD GO0 Lo 89
o~ o ao 6950696 692000000000 V00DA0000D0L 0006000 SBHEL
-t o as ©ab030na000600006004a 0006400604060 C0400600 moE_c>\
° 9o 9000805900909 P9I0009 000DIOO0IPOOLOL DGO - o
o ao 00510060660 9000060000 00000000000606060600000 =2 5
X o ao 6000706070000 00000 000000000006 066a0C00 Oo|w T -
= o ao ©a506n06aN000000000 0000000000L000C 0000 =) a @
= o 9o o G9560600595909099909 9009PIOVVIAVC09NBO00 o o8B oE
o as 645006066000 0606068000a 06064000a000864a80600 Ho>— £
S 5 ©0ap000069072700000040 8
W ° 00ba000cco0o0ancoon e eyan
= oo o g ©0060000600)000000000 00000000(06C664a6660 ol
— 60 o —J| ©aDP0J00AOVO0O0DO000AD 000A0000GLOL00AADOOGO —J|
= oo ® 9900009970000 900090 90PIVOVILUOOO D000
o RIS 005600095 0060606606060606 00606006060600006060650600606
o oo o 69560060697 060000000b 06005000000000000C00
x RIS ©4506005000000000000 00000000000C 0000060
PRES ©0665065800000000000 00000000000C00006060
o ee o ©apP000B6A0006DO06GBAN 6065400080 CC660D000
~ o0 ® 695 00990900055550000] PAPICNCILEIC0AaBEOE
~— PRIS 6860660650050 00057000 60600060/00600600000600
Ve RIS ©9500029205000000006 550/0006c000c6an000
PRI 9950000000017 50600000 000000000065060600000
N o0 ° P9POOOT90 000900090 POPODPOOIDODODIOIDOOO
Lo PR sascadsancanseacaas ansasccasoacsansee
L so o ©060000600000060606000 000000[00000060600000
so o ©000000600006008506000 00005000000060600000
©000000600000006006000 00000000000006000060
cavococacecoacnsensaan ceoacooooocscancoo
o
) - o000 hel
9 p 5P ooL cooo @
* <
Q 0 bl o b o bo00 =
2 : =y ] o o seeae ©
q b o R - R vooo o
©Y0 4 OF o o 2] °
! ’ e o ooo o0 ° X
a9 ) o co00a0 oo * [2]
S D 9 00eveovoon =2
PO SR P R PP ED. a ocoevasssas
9 b o 0000000000 s .
9 o 0000000000 oa0 - [)
3 : ° cobaocooan o - k=]
Q y < coo0aocococao@o o o
POOD OO 9 99099009 DOO [72)
RE QLR L S8 N PEROS PP ADESD A ° 0000000000000 0 0*
e aQa q o o [ < 6000060600000 0 <t IS
E
arealel Q o P 3 © 6000000000000
a9 A4 o pPreey re Yy sadasd ] L4 5 S
AR AR o ©
ge g cl B B L (=]
SR d : ol ol o o i <t
CoCC d 8 o H o o o
GA) g g B DY o o
CAC A ofelel BEBE SRR o o (=4}
s o =
o o o
o o @
o o s
P
el TP Ph b EE b b, o o -
e b EE Y T E b e o o S
° o
° —
s N
>
°
°
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Figure 4-66: BF957 Standard Routing
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Figure 4-67: BF957 Routing With LVDS Pairs
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